Abstract-In this paper, we extend the recently introduced Finite Element Gaussian Belief Propagation (FGaBP) method beyond the scope of electrostatic problems, to address time-domain applications. The FGaBP inference algorithm was adapted to perform time-stepping computations based on the vector wave equation (VWE) discretized by the Newmark method. We validated the new algorithm using a reference finite element method (FEM) solution of a high-frequency waveguide application, where FGaBP reported consistent results.
I. EXTENDING THE FGABP METHOD TO TIME DOMAIN
The Finite Element Gaussian Belief Propagation (FGaBP) method is an iterative inference algorithm that has recently demonstrated attractive properties (i.e. abundant parallelism with fine granularity) as an alternative to solve FEM problems [1] . Moreover, it has been shown to be an effective preconditioner strategy for a variety of Krylov solvers [2] . However, its conception has only considered the solution of electrostatic problems. This paper presents the first time-domain FGaBP scheme to further expand its applications.
There exist several time-domain FEMs in electromagnetics among which a certain one is preferred depending on the problem (partial differential equation) type and the desired stability properties. In this work, we focus on the VWE discretized by the unconditionally stable Newmark method (remains stable for any Δt), which is the most widely-used formulation in high-frequency transient applications. However, this approach is applicable to many other time-domain formulations as well.
The reformulation of FGaBP using the Newmark method required changes both in the data structures used and to integrate it into the Newmark method. First, we explain the changes to the data structure and the modified algorithm.
For the static formulation of FGaBP, the Factor Node (FN) matrix is defined directly from the FEM-element matrices. Now for the time-stepping variant, the FN matrix is built summing each FEM-element component (mass-M , stiffness-S and absorbing-boundary-condition(ABC)/loss-R) scaled with a fixed Δt as shown in left-hand side of (1). 
II. TEST CASE AND CONCLUDING REMARKS
The test case used is that of a parallel-plate waveguide (presented in section 4.7 of [3] ) with a rectangular domain and a discontinuity towards the center with non-lossy material properties. The waveguide is excited with a sinusoidal signal on the left boundary and a first-order ABC is applied on both the left and right boundaries to truncate the domain. The results (show in Fig. 1 ) are the same for the FEM approach and the one obtained from the FGaBP-Newmark algorithmic. This article reports the first time-domain FGaBP formulation realized by combining FGaBP with the Newmark scheme, and demonstrates its effectiveness with a high-frequency parallel waveguide example. Details on the new algorithm, its implementation and expanded results will be presented in the journal version. Future work will focus on additional applications, parallel performance and scalability results, and further along, the time-harmonic formulation.
